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Following the view taken in a previous paper that the

statistical behavior of the oboerved rotational velocities
1 3

of stars de cpends wpon the braking mechanism, we have studicd
several statistical models based on the trunceted Maxwellian
distributions of original stellar angular momenta as well as
on different braking processes, Observational results apgesar
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to indicate that the rate of case of ang

& star at any moment must be proportional to the first or/and
higher powers of the angular momontum itself, No constent
term should occur in the braking equation,

Arguments have been advanced to ashow that the breking o
stellar rotation leads to formation of plenclary systern,
Therclore the observed statistical proporty of carly-iypc
main-sequence stars that rotate rapidly mey be used as giving
Len

en estimate for the freguency distribution of planstary systens

‘pe main-sequence stars that do not rotate
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sirnificantly.,
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Consider a rotating star that is being braked by electro-
O [ &) o

magnetic force according to the mechanisi of mass dissipotion
b (48

o

<

along the magnetic line: of force propésod by Schatzman (1¢62)
The actual rate of'de;rease of the stellar spinning angular
momentum depends, of course, upon both the amount of mass
ejected per unit time ©3 well as the distance from the star
where ejected charged particles are decoupled from the stellar
magnetic field, If the spinning engular momcntun of the star
expreesged in terms of & dimensionless variable is %, the rate

of its decerezse moy be written as
J

. 2-
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wherc C%l/ﬁ/ arc paremeters independent of x. We shell

consider threc simpliiied cases of the braling processes:
’
. . . .
A1l céLs in equation (1) vanish except (1)6{940, (2) a?7~a s
: 0

end (3)(%5720 . Hence the relation between the initial value

of x at t = 0 (denoted by xo) and the value at time t are

2:::)%«~:[I for case (1), (2)

DC.;L/%:ZO for case (2), (3)

ana

v R e for case (3) (1)
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measurc the strengihs of braking in the threce cases respect-
ively. While Xy increases with the braling strength, A, and
X, decrease with it,

For a group of coeval stars such zs found in a cluster, t
is the samec, Hence in the prescnt section we consider cascs

in which A, xq and X, are taken as constant, Since the braking

mechanism cannot revers

e

¢ the dircction of rotation, x is non-

{

negative,

Thus in case (1) x must be equal to zero if X3 > Xy
On the other hand if %5 is non-zero, x does not vanish in cases

(2) and (3), as long as the braking force remains finite,
For & group of stars such as those found in one spectral

class, the mass, radius, and radius of gyration may be approxi-

mately taken as equal for all members. If so, the ansular
y i 3 o

momentum is directly proportional to the eguatorial rotational

velocity. Since the angular momentum x is expresscd i

-
-

e

o

dimensionless variable, we can use the samc to denote the
equatorial rotational velocity., In other words, crvresced in

the unit of angular momentum x denotes the angular momenturn,

and expressed in the unit of equatorial rotational velocity

x denotes the equaborial rotational velocity The unit of
sngular momentum a

[ B

1d the unit of equetorial rotational velocitly

are of course connccted by a sirple relation.,  Actually tr
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»oevidence coning from different £fields of dnvestioation
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that the magnetic activily occurs at the pre-~main-sequencs
stage in which the star contracts, Hence, the radiuvs can
not be said to be constant in the period of momentum dissi-
pation, However, for coeval stars in the sseme NASS range
the lincar relation between equatorial rotational velocity
and ‘angular momentum is maintained at all times, although
the linoar ractor ddes change with time as the stars evolve,
Ve may assume as in Paper T (Huang 196%) that e 1s

distributed according to a truncated Marzwellian distribution,

namely,

AN

,£QQ)JIO::—~f“_XO£/ 2y 0

X, <2
where the numerical factor X/is introduced to normalize the
distribution function. The Justirfication of this ass mption

5
na

2

[

cated in Paper I, But it will be more

=N

hag been briefly
thorouzhly examined in a forthcoming paper, If we should
talre stellar objects of hizh angular momenbe from rotating
stars to binq#ics as forming a single group, the rolating
stars will bave swall ansular nomenta eg coviparad wilh the
rest of the group, Hence ihe point of truncatioen, % s will

be a small value., On the other hand, if rotaling stars end

binaries form two distinct groups which are not formed by
the same processes, the distribution of angular nonenta of

rotating stars and that of binaries will be independent of
* N I

cach olher, In such a cose x will be larga,  In the prezens
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investigation we shall leave x_ (and counsequently ¥ )

Our problem is first to £ind the distribulion of x after
all stars in the group have been braked gccording to equation
(1) for a definite length of time, and next to obbtain the

distribution of the observed rotational velocity, y, given by
2 = L A L , (6)

vherc i denotes the inclination of the equatorial plane, This

can be done because the distribution funciion of x, say F(x),

and that of y, say g;(y), arc related by the following

integral equation (Kuiper 1935)

<O

- 4.
- (x) a
((- (U = ...‘M..-.l............... e m i (7)
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l
if the equatorial planeo are oriented in space at random.
Since y is an observable quantity, the distribution of y thus

compubed con be compared with the observed disteibution. Th

Q

comparison determines the unit of y (and conscquently =) that
is unspecified in the present calculation.

In Paper I we have studied case (1). The recsult shows
that the distribution of x and consecquently that of y assuns

finite values respectively at x

n

0O and y = 0 as soon as the
stars have been braked (i.e., X1>’O)- Ag >y increases, the

nurber of stars with ¥y = 0 increases rapidlv, For 2 lercs

Y S




-6 -
enough value of X9 practically all stars will have x = 0,
and therefore y = 0.

We shall now study cases (2) and (3). It follows from
equation (3) that x in case (2) is distributed, just like x,
according to the Maxwellian distribution beccausc therc is
only a chanze in the scale of the independent variable. It
can be easily scen that the corresponding distribubtion of y
is also changed only by a scale factor., Since the scale
factor is left free in the present calculation, we can omit
this scale factor and wrife down the distributions of y for

case (2) as

P 2-
i b upect
- ) /t ¢ (-‘?‘JL» —(J/ )/\

o (4 fom e J y. ;,p,cq"(} (fgz ) (8)
Jml 0 J ,\ -Tz"’ A
0 0 f: '2/‘1, ,,/: yl
where ”lt}

end ¥y is the upper limit of y, The intepral can be nuneri-

call{ evaluated and the case with yl -2 2 is shown in Figure
h

by € curve
1, marked by the numeral 1. Since in the present paper wve

shall consider several distribution functions of y under

-

different statistical assumptions, the function iﬁ(y) is
. . . . N
labeled by a-.subscript in order to avoid confusic, ;)(y)

withoul any subscript is reserved for the obscrved function

end for pazncral uvaseasoe,  The choracteorictic vroporty of the

[




funiction égﬁy) i1s that it vanishes as y -0 no matter houw
strong is the braling mechanism, Here we sec that the
esult derived in case (2) is greatly differcent from that

derived in case (1) in the range of small N

Finally we may inquire vhether the behavior of the
disiribution at 'y = 0 will be different if the rate of change
of spin angular momentum decreasecs more than linearly with x.
This leads us to case (3) of the braking process. Equations
(L) (%) aﬁd (7) yield the following resulis:

2.

. L
[) 0‘/ 4 l( 2 } (7 €70 - 2’1)(}. -2 0 /‘/} (9

where

-1 u- { [ /
{')2 = Cud '*"%,"‘ c'/rwg —— e T

[ & 92 ~ -
22. g A e
It can then be secn that the distribution E? (y) vanishes 2lso
2

at y = 0. PFigure 2 illusirates the behavior of ETCy)for a fewy
-2

cases of y,, (0.8, 1,0, 1.5, 3.0, as labcled) with X, =) .
Since ¥, decrcoses as the brakine sire <~th incrceascs, theo curve
el O ’

thal corrcsponds to the larsest Jq denoles the case of the
least bralkiing., The distribations shou rarkoedly dificrvent
forms for different desrecs of braking., Note the shary Cron
of the distribubion curves at the upper end of v such as

shown in the cascs corresponding to yg = 0.8 and 1,0,



In general we can show in a similar moaner that if

dx/dt = - {.x™ the distribusion of always vanishes at
n

y = 0 as long as n )1, On the other hand if 0<n <1, it
agssumes & finite value at y = 0 because rotation of some

stars is completely stopped by braking.

1T, OTHER FACTORS THAT AVI'ECYT THE DISTRIBUTION FUNCTION

So far we have c¢ nsidercd only the statislical bechavior
of rotational veclocitics for sturs of the same mass snd of
the same age, While this may be roughly true for stars of a
given spectral type in a cluster, it is no®t so for the ficld
stars even of the same spectral and luminosity classification,
ag they may be formed at different periods., Consequently the
observed distribution of y is further influenced'by this time
fector, Another complication that may modify the distribubion
of y is the non-constancy of cj):s in different stars, This
quantity depends on many factors, such as the average £icld
strength of magnetic activity on the snrface of stars, the
magnetic field in in;erstcl]ur space, and the rate of mass
ejection, In wvhat follows we shall consider only case (2)
of the braking process bul do not insist thatl (XI should bc

a constant for 21l stars.,
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Let us first cxamine the time factor, Ve may divide
the problem into two idealized cases: (1) The braking mech-
anism lasts a long time comparable to the time scale of
nuclear evolution but the rate of angular momentum dissipa-
tion is constent for all stars, This is equivalent to saying

that t in the equation A = exp, ("Cﬂl ) may be regarded as

being distributed according to

0t ‘( A ———
s = S esfaT. gy

,r /
The constant, T, is the total time that the braling mechanism
is operati&e, According to this simple model those rotating
stars that we observe are still being braked right now, (2)
The braking mechanism takes place in a short time interval,
say of the order of the time scale of the pre-main-sequence
gravitational contraction,; but Cﬁ varies, In this model, the
braking mechanism in stars we study has already stopped, This
is equivalent to saying that the ages of stars we now study
are all‘much greater than T, although T may not be constant

b

for all stars, In such cascs the effect of braking on the

distributions of x and consequently of y depond upon the dis-

trivution of the intesral

']

o~ . iy g
LCiJ o%(f)a); integrated over the time of braking., 4
o
reasonable assumption is that T is distributed according to

‘

a Gaussian error function centered at a certain valuve, sey

('CL%‘T})/E with & certain dispercsion., Such a distiribatio



m2y be represented approxinately by & step function, nawcly,
N - 7z
‘7(’[‘)&( - ) (;:é C = (.l (11)

and vanishes elscvhere,

If we now assume that x and X, are related by equation (3),
the two cases lead to the same mathematical problem, because
in the first case we are to find the distribution of x when t
is distributed according to equation (10) and Xos b, and x are
related by x = X, ©Xp. (~.Dﬂt), and in the second case we are ‘
to find the distribution of x when T is distributed according
to cquatién (11) and x_, 'C , and x arc related by x = X exp.(~1:2
& ——— In both cases %4 is distributed according to equation
(5). Mathematically the second case includes the first case,
(with.'f; = 0), since Cﬁ in the first case can always be set
equal to 1 by suitably choosing the unit of time. For this
reason we only have to compute the distribution function F(x)
of x in the second case,

The distribution function F(x) of ahgular nomenta (or of

equatorial rotational velocities) can be obtained by a standard

method (Chandrasckhar and Minch 1950), Ve have

—
N
N

F(:):) dx = jb ) 7(1) Z e (

vhere the integration domain on the (xo,]:) plene 1s over ithe

strip
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~T .
K £x58 L ALK, (13)

bounded by x, = 0, Xo = Xgos T = (; , and C = Z;. Iquation

(12) can be integrated to give

o . 4 b/ /(’X, - . ; < X
(I)J% == ' - 1 (/\1 7“) - | (A%) 0&X 2 ‘/
F ﬁm/{"jw)\o X [ | ] !

¥ [TC) - Gor)], “pers

(1)

o
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if we let -

_ T [» ,
/\o =L ‘ (wtcg /l{ =L ! (15)

and define the function I({) as follows
U O rya
- DR T TR G 5
L(w) = == } Nd L (16)
The distribution function QZ(y) of the observable
quantity y can be obtained by substitubting cquation (1) into

equation (7). Simple caleulations bring the reovlting cquition

into the following form -
l Gfu, :7‘ G -~ ) v §'J>]
Eiat r - R ,x__\, £ b - ’
8y TR lx[ i, 5 ) =Ty, 20/,
{
- £y A "L g 2 (\ !
ﬁzb (hoy % “J()loz}!,/"';d‘( 5 ‘/,)J ,
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and the function bexb?) is defined by

n
— . & - " ) £ »
Jlo,y)= | T (escp) cot-do (26)
[
while the function I(x) in equation , (18) is

given by equation (16). It can easily be seen that whatever

the values ofle and /%‘, .q%(y) vanishes always at y = O.

A

always change the scale of y to make )o = 1. Figure 1 illus-

ns s : T .
Superficially the function gé(yd involves two paramelers

.

and /X‘. Actually only one is sipnificant because we cen

trates a few cages of %Z(y) for /k = 1 and A‘x 1.5, 2, 3, b,

1). "he value of A} of

i

and 5 witﬁ xc-»}cc (consequently a/
each curve is marked in the figure. The case ,Ao = ’Al = 1
denotes simply the function §3 (y) as given by equation (8).
Because y in the diagram and y actually observed differ by a
scale factor which is not a priori known, it follows from the
behavior of the curves in Figure 1 that we cannot distinzuish
difrerent distributions érising from different values of ’A/’
espccially if we remenber the approximate nature of the observed
vy
distribution function which can be obtiincd;éﬁ the form of a
histogram, - This point can be scen most clearly i we sirctch
the abscissa of the cuch corrcaponding to 'Al = 5 by o foctor
of two and shrink the ordinete by the sawme Tactor. The wooolt-

ing curve will be very close to the curve corresponding to

)H = 1, Hencec the factors considered in this section cannot

be determined by the observed distribution o



velocities, at least with the accuracy of present data,

,—«

ITT, COHPARISON WITH OB3FRVED RESULYS

Let us now turn our attention to the observational results.
The early data (Huang 1953) appear to agree with case (1) of
braling process, However, because of the low dispersion of
plates that were used for study and because of the crude method
for measuring the rolational velocities, the recsolution of the
obscrved distribution fuanction is very low. This isg especially
truc in the region where y-»0 as hos been emphasized, Since
then several investigators have measurcd the rotational veloc-
ities with higher preccision, It appears that their results

a4
show 3‘ (y)-»C as y-»0. Deutsch (1%5’/2 and Kralft (1966) favor
the Maxzwelllen distribution of x. 1In any case the braking
process appears to indicate ny1,

Let us now consider thesc cases from the theoretical point

.

of view, Case (1) assumes thet the brekine of rotation is

(%)

.l.

constant independent of the rotational velocity while case (2)
asswies that the braling force is proportional to the rotation-
al velocity itsclf, If we now consider Schalyuen's mecheanicn
of braking, it is guite obvious that the angular momeonium

carried away by ejected charged particles is Likely propor-

tional to the angular velocity of the star at that moment.

This would meen the situation inplied in case (2), ir the
rate of mass ejected and the mammetic ficld strenzhh are
indrpendont of rotation. Actually the musneilic aclivity
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that brales stellar rotatlion results from rolbation and colie
vection, so that the rale of decreasc in x should be morve

than proportional to X, thereby corresponding to n 1,

Ir CXO = 0, the present statistical models expect no stars

that are absolutely free from rotation, although the rotational

velocitics may be very small, In other wofds, the braliing |
mechanigm can not stop the rotation completély. Our own sun
with a rotational velocity of 2 km/ sec at its equator is a
case in pdinte However, because of the measurable limit no
rotation of main-scquence stars of spectral types later than

F5 has been detected (Struve 1930). The stroag braking suf-

fercd by these late~type stars may be due to cither large ¢/

i

bte

b

e

or long T . The latter poss lity becowes apparenl if we
remember that a convectlon zone vhich nay produce the magnetic
activity <xists near the surface in these stars, Indeedths fot 14
Schatzman (1962) to propose the magnetic braking theory )
of stellar rotation.
Another important factor involved in the braking process

.

is the efficiency of angular momentum dissipation, I{ the
charged particles ejected along the magnetic lines of force
ceone back along the same linces of force, no angular momcibum

ol the stor will be loal, "his is ihe caso with chorged

particles in the Van Allen belt of the carin, An eflficient
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A

way ol dissipalion reguires tne proeseace of o cold wmedium in
the surroundings where particles are not ionized, Stellar
angular momentunn can then be efficiently transported to this
medium, While a remmant mediwa is expoctied to be present
in the neighborhood of a newborn star, it will not remain
un-ionized near a hot star, This again discriminates the
braking of early-type stars and helps explain why they are
still rotating rapidly while no 1ate§type main-sequence single
stars show projected rotational velocity greater than, say
10 km/sec,
As observing and recording techniques improve, it nay
be expected that slow rotation of thesce stars will be Tound,
But the suggestion advanced in Puper I that the difference in
rotational bchavior of main-scquence stars of various spectral
types arises from the braking strength or/and the duration in
which braking 1s operative remains our basic view.;(
fi%bfollows that the“mean rotational velocity along
the o - spectral types, or equivalenily the
obscrved steller anguler momentum distribution with respoet
to stellar masscs (Kraft 190606), gives a mcesure of the dissipa-
tion mochanicm of angular nomonta for sinrs of Aiffcrent wossen,
Ag pointed out rccently by Kraft (190606), once of Lhe wostl
puzzling phenonena about stellar rotalion is the facl thot o
few groups of stars that fallfin the spectral renge xnown for

thelr rapid axial rotation show unveuslly egnzll rotavional
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velocities. For example it has been found that there are two
sharp pecaks of overpopulation of narrow-lined stars at B2V and
at AOV (Conti 1965). Based on the concept of the prescnt paper
it must be the result of a strong braking strength or a long
braking duration, or both, We may suggest that the braking

of éarlyntype stars is in general limited only to the period

b

vhen the stars arc undergoing gravitational contraction in a

state of convective equilibrium (Hayashi 1961), Once the

enecrgy transported in the envelope becomes radiative, the

)
braking mechanism stops, T his
. S

is clearly seen from Poveda's (19%]) investigation on the flare
stars, If, however, some groups of stars maintain their magnect-
ic activity even after the main-sequence stoage has been reached,
the braking mechanism will continuously be effective for a long
period of time, The result is to reduce the rotational veloc-
ities to small values. In other words, the values of A in
equation (3) for these groups of stars arc smwall, Thus, it

is intercsting to note that some of them do indced show layge
mnagnetic fielad strongths on the gurfuacce, In such caces A is
small because Cﬁl is large., Tn other canecs A mey bocome small
becausc t is.large. For example, Bidclwan (1960, sce also

At 1 )

Fowler, et al 1965) has suggested that thce nj>soars which show
S MU T

n general slow rotation (Deubsch 1955) erc post-red giont

Lete
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stars, If so, thc slow rotation results from o prol}onged

dissipation of the angular momentum,

IV, OCCURREICE OF PLANELARY SYSTENMS

Our- experience of the planctery system is limited becausc
ve have actually observed only one system, Therefore when we
try, as in the present serics of papers, to discuss occurrence
of plenetary systems in general, it is important to kaow what
ve mean by planctary systems, I'rom the special case of our
own systen we may suygest a general definition thati any pleane-
tary system should possess the following threce characteristics:
(1) a small mass ratio of the toltal mass of the entire planetary
system to the mass of the central star; (2) a large angular
romentum; (3) the majority of its members moving in nearly
coplanar and circular orbits.

From this definition one cen immcdiately realize that
althouzh binaries and planctary systems share the seccond
characleristic, they diverge with respocet o Lhe third chor-
scteristic, As we know, there is a considerable fraction of
binaries that exist as a part of the multiple system. Vhile

some degroe of alignment mny exist swmong the orbital plencs

]

of differcat pairs in a multiple system, it is far from being
consplcuovs (Worley 1966), 1In fact, amoug the many multiple
systens so far studied, only two (Ll / Bootis and 6 Trianguli)

r

swient of the orbital planes of the nesber stars,

e

show clogse a1



This statistical property is definitely at variance wiih the
coplanar condition of the planetary system, Also binariecs
differ from planetary systems by their orbital eccentricities,
¥hile the former can have any value from 0 to 1, the latter
is supposed to show dominantly near-circular orbits, Thus,
the unseen companion of the Barnard star inferred from the
proper motion (van de Kamp 1963) may not be regarded as form-
ing a planetary system, as has ) been emphasized by
Kumar (196l ), becauvse the eccentricity is equal to 0.6, &
fairly large value,

In thé past when we discussed fhe possible occurrence of
planetary systems in space, we usually linked it with the pop-
ulation of binary systems because of the angular momentum con-
sideration (Kuiper 1935). It followed that planetary systenms
rust be common because binaries are numerous, However, from
what we have just sdaid, such an inferecnce can not be regarded
as &alid. Hence the problem of emergence of planebary sysbems
mst be examined in the light of their characlteristice. What
made the mass ratio so 8mall?  What made the plancte lie nearly
in one plane? V¥hal wade them move in ncoarly circular orbity?
All thege characteristics point to our suzzestion thet foraation

of planctary systems 1s closely related to the braking

[
[

0l stellar

rotation,
. , .y . bom o e e 1 .
Since the wmatter that is to form o planchvary system 1s but
the rewnont of star formation, the mass ratio lg naturelly

Ay
v
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small, Ve may envisase the initisl staze of contraciion as
& gravitational collapse (CGaustnd 1663). latter falls freely
toward the contral star, But the in-falling matter will slow
down after the star beging to shine and thereby provide s
remnant medium around the star in the early stage, This
me@iﬁm cannov stay very long as it is, because particles in
it will either fall into the star or escape into space. How-
ever, its acquisition of angular morentun Trom the star as a
result of the braking process changes the situation, The

gaseous mediun collapses into a rolaeting disk

o

vilch can rmain.
tain itself roy a long time such thot plansis may condense

asas

<

C

from it., That planels emcryze from a rotating disk of -

and dust insures circulatory motion in o single plane, There.

fore, in order to find the frequency of planetary systems in

space, we should investigate how often & roltating disk of gases

o
3
-
5
o
%}

and dust may be formed around a stay is the basic conceps
that underlies the present investigation, This reasoning imme
iately leods to the relation betweoon braking of stellar rotation
and formation of planctary systoma,

Foruation of the gescous rotaling ring or gielk s achually
& common phenomcnon 3n noture,  Throueh {he cuinslon Lines e
have observed gascous rings in the rapldly rotuting e stars,
The mass in the ring comes presunably fron the stor iteelf as
& result of rotational breokup (Struvc-l?}l). Ve also observe

the emiscion lines due to the roteting rins
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massive component in meny an Algol-type eclipsing binary
(Joy 1942, 1947, also Szhade 1960). The natter of the ring
is believed to have been ejected by the less massive com-
ponent whose size approaches the limiting value compatible
with the binary system, Of course the rotating disk from
which plancts are to emcrge must be considerably denser. than
what is found in the rings of ihe Be stars and in Algol-type
binaries, However, there is the evidence that dense disks
do cxist in éome binaries (Huang 1963, 1966). A1l these
phenomena indicate that circulatory motion will result as
soon as therc is an adequate supply of angular momentun and
provide & strong justification for formation of a rotating
dislr around the slar after Lhe latter has bcen braked, If
the disk formation and the consequent emergence of ploncts
érc a natural scquence of evenls following the braking pro-
cess, we are for the first time able to make a quantitative
estimate of the frequency of occurrence as well as a rouvgh
idea of the naturc of planetary systems from the statistical
behavior of stcellar robation,

For definitoncess we focus our atlention on planaetnry
systems around the G type main-soquence atavs,  Asswae the
angular moncnta per unit mass, b oof 811l G uturs Leforo braking
to be distrivuted in the same vay as those of the early-type
main-scquence stars, Since Lhe effoct of Lreling on the

v Fa e e o0 £
carly-type slars is euell, we may tele whal 1s obhoeorved of
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them now ag representing the original distribution of h., 0On
the other hand, practically all angular momonta of G slorg
have been trangported out by the braking mechonism., I we
now asswune that all the angular momentum is absorbed in the
planctary systenm, we obtain the distribution function Vb(fL)JL(L-
of-gl., the angular momenta of planetary systems around
main-sequence G stafs. Interestingly, the angular momentum
of our own planetary system falls not too far away from the
maximum point of &/C(Y.> Of course, in looking at this agree-
ment we must bear in mind two factors: First, the original
distribution of angular momentwa before braking likely depends
upon the massg of the star, This is especially true if the
stellar angular momentum results from randoa motion of the
pre-stellar mediuwn, Secondly, a part of dissipated angular

momentum may be lost to space together with escaping matier,

/g‘j 17).( o

"

However, none of these considerations wil Acnuﬂbe the order
of magnitude of our estimate,

In order to give a simple description of a planetary
system we may introduce a concept of the "equivalent planet™
s a fictitious planet that moves in a circﬂlar orbit of
radiusg, o, and ihal posscsscs the tolal wmass, m, and the

entirc
total angular momontum,gfl~, of’ tbC\pluHCt&Tj cyatem, the
parvent «tar l;ojx1g; excluded as .a menber of Lhe sysltaas, Monce

we have

Q= m(ea)? (19)
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where M denotes the mass of the parent star and is known,
. 1/’) , e ke L .

Knowing \ \ we obltain the distribution of ma®, Now if

log m is pJOuted against log 2, the diagram may be divided by

a series of straight lines
logm + % log a =C (20)

vherc C.is a paramecler labeling these lines, Therefore the
probebility of finding the equivalent planet in the different
strips betwcen the lines given by equation (20) may be compu-
ted. In this way we are able Lo learn something about the
probabilitj distribution with respect to the mass and size

of planctary system of any spcctral btype of the main-seguence
stars. Because the angular momentum of our own planetary
system is nol far from the maximum point of %b(fl), the
position of its equivalent planet vhich lics somewhere betwcen
dJupiter and Saturn falls in the expected region in the log m -
og a diagraum.

While we admiti that binaries and planctary systems belong
to two different categories of steller objects, there rouains
the question of why the evolution of a gascous condcecnsabion
is not uﬁique but may follow one or the other path so that it
will end up'either 2s a binary (or multiple) sysbtem or a

planetary systeri. The difference likely arises Trom many

Tactors but ithe dowinant ones perhaps ere (1) the angulor
1

morientwa por vnit mass, hy, and (2) the tote) rzs off Lhe
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condensalion, 1 h is very iurﬂo, Lhe condensaltion just
cannotl contract to form a =single rolating body. Two o wore
pre-stellar nuclel may first be formed that lead eventually
to two or more stars (Huong 1957). It becowes a binary or

dynaidenl
multiple system il the total\encrgy turns out to be negative,

Sinée thé stellar matter has never undergone the stage of
being a rotating disly, the binary or multiple systoem does not
necessarily show the circular and coplanar characteristic,
Accordingly, a non-rotating star (1) may be intrinsically
single, (2) may have an unsecn binary companion, or (3) may
possess a blanetary system., The nature of the unseen compan-
jon has been recently discussed by Kumsr (1966),

Finally it may be noted that while the present anzlysis
is based for definiteness on the braking mechmisw supgested
by Schatzman, the same result will be obtained if the angular
momentun trangport follows what has been described by Hoyle
(1960) in connection with his theory on the origin of the
solar nebula, because we are concerncd here only with the
consequence of braling but not with the mannzr of braliing,
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